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ABSTRACT 
This study investigates the community perception of household laundry as a new end use of 
recycled water in three different locations of Australia through a face to face questionnaire 
survey (n = 478). The study areas were selected based on three categories of (1) non-user, (2) 
perspective user and (3) current user of recycled water.  The survey results indicate that 
significantly higher number (70%) of the respondents supported the use of recycled water for 
washing machines (χ2= 527.40, df = 3; p = 0.000). Significant positive correlation between 
the overall support for the new end use and the willingness of the respondents to use recycled 
water for washing machine was observed among all users groups (r = 0.43, p = 0.000). 
However, they had major concerns regarding the effects of recycled water on the aesthetic 
appearance of cloth, cloth durability, machine durability, odour of the recycled water and cost 
along with the health issues. The perspective user group had comparatively more reservations 
and concerns about the effects of recycled water on washing machines than the non-users and 
the current users (χ2= 52.73, df = 6; p = 0.000). Overall, community from all three study areas 
are willing to welcome this new end use as long as all their major concerns are addressed and 
safety is assured. 
 
Author keywords: Community; vision; perception; end use; recycled water; household 
laundry.   
  
1. Introduction- 
   Australia targets to increase the water reuse from 16.8% in the year 2009/10 to 30% per 
year in 2015 (Whiteoak et al., 2012). To meet this aggressive water recycling targets, more 
recycled water schemes together with new end uses should be further explored and 
developed. After agriculture, the household sector falls as the second highest water user in 
Australia (ABS 2012). Therefore, due consideration should be given for conservation of more 
household water with recycled water. Recycled water supply in form of dual reticulation 
system has already begun in some suburbs of Australia. However, the existing end uses of 
recycled water in such systems are limited for landscape irrigation, car washing and toilet 
flushing. Hence, adding up new end uses of recycled water to the existing end uses is a must 
for system optimization and sustainability. Washing machine as a new end use of recycled 
water in dual reticulation system is well recognised for its great potential benefits. The 
influence of laundry water consumption is significant (almost 20%) on household water 
consumption of different states of Australia (ABS, 2004; Mainali et al., 2011) and most of the 
countries of the world ( Pakula and Stamminger, 2010). Few studies on the use of recycled 
water for washing machines (O’Toole et al., 2008; Storey, 2009; Mainali et al., 2011a, 2013; 
Chen et al., 2012) were carried out. However, studies investigating on social aspects to 
analyse public’s acceptance and their concerns on this new end use are sparse. 
   It is a fact that successful implementation of a wastewater reuse project depends not only on 
its technical and environmental feasibility, but primarily on the support and the acceptance 
from the general public. Dishman et al. (1989) concluded that “the technical aspects of 
potable water reuse can be resolved, but the issue of public acceptance could kill the 
proposal”. There are evidences of many recycled water projects which have failed due to lack 
of community support (Mainali et al., 2011b). These projects include not only the (indirect) 
potable reuse schemes but also the non-potable reuse projects including one in the 
Netherlands (Hurlimann and Dolnicar, 2010). To introduce any new end use of recycled 
water, it is without doubt a major challenge to achieve the public acceptance and support, 
especially when the use is with more personal contacts. Many researchers (Hartley, 2003; Po 
et al., 2003; Marks, 2006; Hurlimann and Dolnicar, 2010; Mainali et al., 2011b) advocate that 
no program using recycled water can be initiated without public acceptance. It is therefore 
very crucial to identify the nature of public response regarding the use of recycled water in 
washing machines. Since long, majority of studies have investigated public acceptance of 
recycled water for various uses. Pioneers in this field (Bruvold and Ward, 1970; Bruvold, 
1972) and many others (Stone and Company, 1974; Sims and Baumann, 1974; Olson et al., 
1979; Bruvold et al., 1981; Milliken and Lohman, 1983; Lohman and Milliken, 1985; 
Ahmad, 1991; Madany et al., 1992; Sydney water, 1999; Jeffery, 2002; Hills et al., 2002; 
ARCWIS, 2002; Friedler et al., 2006; Marks et al., 2006; Hurlimann, 2006; Hurlimann 2007, 
Roseth, 2008; Alhumoud and Madzikanda, 2010; Pham et al., 2011) are some of the studies 
conducted basically in USA and Australia and some from UK, Qatar, Bahrain, Kuwait and 
Israel. Table 1 provides an overview of these studies (except Jeffery, 2002). It is noted that 
only household uses of recycled water from these studies are taken into consideration for this 
study. In all studies, highest level of opposition is observed as the use becomes increasingly 
closer to personal physical contact.  
   It is observed that since late 1960s, studies investigating community attitude towards the 
use of recycled water have been observed in USA whereas in Australia, detail studies began 
only in the late 1990s and in rest of the countries very few numbers of similar studies are 
carried out till date. Almost all (except Bruvold et al., 1981; Madany et al., 1992; Hills et al., 
2002) studies cover the willingness of the community to use recycled water for washing 
machines. In general, the percentage opposing the use is more or less the same for all studies. 
However, the detail investigation of people’s attitude towards this new end use for recycled 
water has not been addressed in these studies as their study purpose was different. Pham et al. 
(2011) carried out a detail study on community attitudes regarding this new end use. 
However, the survey sample size was small and only covers the Sydney region. Hence, this 
study incorporates different locations of Australia with a larger sample size (n=478). It 
basically analyses the community perceptions, concerns and reservations to use recycled 
water for washing machine. The further conditions required making the community more 
confident and comfortable to use recycled water in washing machines are explored.  
Moreover, the comparative study regarding the attitude and concerns of the non-users, 
perspective users and the current users of recycled water have been carried out. The study can 
be of great value to the decision makers who intend to introduce the washing machine as a 
new end use of recycled water in the dual reticulation systems for substantial conservation of 




2.1  Survey plan design and execution 
   Reviewing several published articles on public attitude surveys, it has been observed that 
basically such surveys can be divided into three main categories, each dealing with a different 
situation. The survey sample size in the study incorporated all three categories. 
- The first category (Non-user of recycled water) consists of studies that attempt to 
investigate the attitude of the general public towards the water reuse schemes to 
establish a general idea. The study was carried out in few suburbs (Dunbogan and 
Laurieton) of Port Macquarie where there may be but yet no robust plan of recycled 
water supply to the community.  
- The second category (Perspective user of recycled water) seeks public opinion on 
actual, forthcoming water reuse projects. This study was carried out in few suburbs 
(Manor Lake and Wyndham Vale) of Melbourne where the communities are already 
equipped with the dual reticulation system and are expecting to receive recycled water 
supply very soon.  
- The third category (Current user of recycled water) examines public attitude in places 
where reuse schemes have already been put forward in place. This study was carried 
out in Newington of Sydney where the communities have already been supplied with 
recycled water.  
2.2 Questionnaire Survey and Data analysis 
   A questionnaire was developed based upon the literature review and the feedbacks from the 
previous study (Pham et al. 2011). The study population included adults above the age of 18 
from different cultural backgrounds and different socio-demographic backgrounds. 
Interviews were conducted at different public areas such as shopping centres, parks, 
swimming pools, outside public schools, stations and door to door at their residences.  
   The statistical package for social science (SPSS) was used for the data analysis. Descriptive 
statistics were employed to illustrate the respondents' characteristics, their responses, as well 
as possible differences between sites or groups of people. Wilcoxon Signed Ranks Test was 
employed to rank the most important factor according to the general community. Chi-square 
tests (χ2= Chi-square; df = degree of freedom) were carried out to provide significance levels 
for the observed differences whenever needed. The relationship between the various variables 
was investigated using cross-tabs thereby analysing the Pearson correlation coefficients as 
well as chi-square tests. Public concern of the use of recycled water was compared using a 
Chi-square test of a contingency table and a post-hoc multiple comparison test analogous to 
the Tukey's test (Zar, 2010). All the coefficients reported in the Section 3 are significant at 
the 0.05 level or better. 
  
3. Results and Discussion 
3.1 General features of three study sites 
   The general features and the comparative chart in terms of household size, washing 
machine type, washing frequency and other general details of three study sites are presented 
in Table 2. A total of 478 people from three study areas including 55% of females and 45% 
of males completed the questionnaire. Percentage respondents in Port Macquarie represent 
the proper sample representation of population of Port Macquarie which comprises 48% of 
males and 52% of females (ABS 2011a). The ratio of respondents in Melbourne (only 37% of 
males) however is not an exact representation of the population of Melbourne which 
comprises of 49% of males and 51% of females (ABS 2011b). This could be attributed to the 
reason that door to door survey was carried out in this area and mostly the ladies were more 
likely to participate for the survey in their homes. In Sydney, number of males completing the 
questionnaire is higher than females which are in contrast to Port Macquarie and Melbourne 
(χ2= 8.25, df=2; p = 0.000). However, this can be better explained by the fact that many areas 
in greater Sydney is characterised with high sex ratios which includes Homebush Bay - 
Silverwater where there were 121.9 males for every 100 females as per the statistical report 
from ABS (2011c).  
   The majority of households  in the study areas are small sized family or the nuclear family 
(1-3 people) followed by   households with the medium sized family (4-6 people) as 
presented in Table 2.. In Port Macquarie, almost third quater of households in the study areas 
are small sized family which reflects the average household size of Port Macquarie which is 
2.3 persons per dwelling as per the report of ABS (2011). The household size in Port 
Macquarie is smaller than the average of all three study sites; however, the washing 
frequency of the households in Port Macquarie is higher than that of the average of three 
study areas. In an average, most of the households washing frequency is 3-4 times (40%) or 
1-2 times (34%) a week whereas majority of households (77%) in Port Macquarie wash the 
clothes 5-6 times a week.  
   The survey results revealed that almost all participants use washing machines in their home 
for washing clothes which agrees very well with the report from ABS (2008) which states 
that 97% of households in Australia have washing machines. The number of top loading 
washing machines is higher (almost 65%) than the number of front loading washing machine 
as suggested by ABS (2011c) which states that 68% of households use top loading washing 
machines in Australia. The number of front loading washing machine in Sydney and 
Melbourne are quite higher than in Port Macquarie (Table 2). Both the study areas in Sydney 
and Melbourne are newly developed areas and therefore new setup might have given rise to 
the purchasing of more water efficient and energy efficient option which is frontloading 
washing machine compared to top loading (Mainali et al., 2011). However, the dominant type 
of washing machine is the top loading washing machine. Use of water and energy efficient 
devices should be given more priority for a sustainable future. In this study, significantly 
higher number (almost third quater) of the respondents support the use of recycled water for 
washing machines (χ2= 527.40, df=3; p = 0.000); higher than many other studies previously 
conducted (Friedler et al., 2006; Hurlimann, 2006; Roseth, 2008; Alhumoud and 
Madzikanda, 2010 and Pham et al., 2011). 
Table 2. 
3.2 Concerns and willingness to use recycled water 
   Almost 90% of the total respondents agreed and strongly agreed with the statement that 
recycled water is an important alternative of potable water for non-potable uses whereas 10% 
disagree and strongly disagree with the same. Five different statements were given to the 
respondents as options to justify their reasons for agreeing recycled water is an important 
alternative of potable water for non potable purposes. The results indicate the fact that 
recycled water saves valuable drinking water and concerns for environment were the most 
important reasons to agree that recycled water is valuable. Majority of participants (70%) 
who identified themselves as being supportive of water recycling picked these two statements 
as their preferred options (χ2=591.09, df=5; p = 0.000). Only 6% of the respondents who 
supported the use of recycled water prioritise saving money as an important factor. Hence, it 
is observed that recycled water saves our valuable drinking water and environmental 
concerns should be emphasized in a public information campaign to motivate them to use 
recycled water. However, all the reasons are apparently important. Similarly, 6% of the total 
respondents preferred health reasons as the option for not agreeing recycled water as a 
valuable resource where as 2% selected the statement that recycled water is not clean enough 
to use. 
Table 3. 
   The matrix of choices of respondents to express what would make them more confident and 
comfortable to use recycled water for washing machine is presented in Table 3. Wilcoxon 
Signed Ranks Test was employed to analyse the most important condition. The results from 
the test revealed that ‘knowing that recycled water saves valuable drinking water’ was chosen 
as the most influencing factor by 82% of the respondents. The result is statistically valid as 
shown in Table 3. Positive response for ‘having a small unit of pre-treatment of water to 
assure the quality and safety of water’ was shown by 76% of the respondents. Reading about 
recycled water being used in washing machines by other customers was chosen by 71% of 
the respondents followed by 65% of positive response for “watching a scientist or expert 
recommend the use of recycled water in washing machines”. Supply of recycled water in a 
dual pipe system was chosen by 64% of the respondents as a fact to make them more 
confident and comfortable to use recycled water for laundry. No significant difference was 
revealed among other choices though to rank them in an order. Significant difference is 
observed between HAV and DUAL (p = 0.049). Hence, it is of utmost importance to let the 
community understands that recycled water plays an important role to save the valuable 
drinking water.  
   More than 90% of the respondents from the non-user group as expected reckoned they have 
no idea if they are receiving recycled water in future. On the other hand, from the perspective 
user group, half of the respondents reckoned that though they have dual pipe system, they 
have no idea when they will be receiving recycled water in future whereas 30% revealed they 
know they will be receiving recycled water soon.  However, almost 70% of respondents from 
both the non-user and perspective user groups are happy and very happy about receiving 
recycled water to their home in future. In current user group of recycled water, almost 85% of 
the respondents are happy and very happy about receiving recycled water in their home 
whereas only 10% are unsure about it.  
   Respondents were asked if they are willing to use recycled water for six different end uses 
of recycled water. Results from Figure 1 clearly show that the percentage of respondents 
willing to use recycled water decreased gradually from option of watering gardens, to 
flushing toilets, washing cars, washing cloths, filling a swimming pool and showering in all 
three study areas. This trend has very well agreed with the conclusion made almost 40 years 
ago by Bruvold (1972) that people differentiate between the kinds of uses and show the 
highest level of opposition when asked about close to body uses, such as swimming and 
bathing. This finding has been replicated in all successive studies on public acceptance of 
recycled water in Australia (McKay and Hurlimann, 2003; Po et al. 2003; Hurlimann, 2006; 
Marks et al. 2006; Roseth 2008; Dolnicar and Schäfer, 2009; Pham et al.,2011) etc. However, 
results from a survey (Ahmad, 1991), that was conducted in Qatar was in severe contrast to 
most results obtained elsewhere. A large percentage of the respondents opposed the reuse 
options and no influence of degree of contact was observed. This could be because of the 
different cultural background and religious aspects. Hence, the location plays a huge role in 
people’s attitude. 
Figure 1. 
   The comparative analysis of willingness to use recycled water for washing machine among 
three user categories of recycled water has been summarised in Figure 2. The percentage of 
respondents who are happy and very happy about receiving recycled water in perspective 
user group and current user group is higher compared to non-user group. However, it is 
observed that 58% of respondents in the current user group are willing to use recycled water 
for laundry whereas only 45% of respondents are willing for the same in perspective user 
group. This finding is in line with the statement made by (Dolnicar et al., 2011) concluding 
that prior experience with using water from alternative sources, increases the stated 
likelihood of use. On the other hand, 70% of respondents are willing to use recycled water for 
washing machine in non-user group. In terms of receiving information about recycled water, 
the perspective user group is ahead than the non-user group as expected whereas in terms of 
willingness to use recycled water for laundry, the non-user group is ahead of the perspective 
user group and so is the current user group. For other end uses like toilet flushing, garden 
irrigation and car washing there is not significant difference in terms of %; however, for 
washing machine the difference is remarkable and significant (χ2=52.73, df=6; p = 0.000). 
The reasons for this can be attributed to the fact that community in Newington, Sydney (the 
current user group) have already been exposed to the use of recycled water and are observed 
to be happy with the use so as they are willing to accept the new end use in spite of the higher 
contacts with the human body. In the perspective user group in Melbourne, people are only 
mentally and emotionally prepared for using recycled water but they do not have yet physical 
contact with the same and thus may be more reserved to use it for the uses which involve 
higher degree of contact. On the other hand, in Port Macquarie it is not yet confirmed 
whether the supply of recycled water in future is guaranteed or not. For this reason, people 
might have less reservation for using the recycled water for laundry.  
Figure 2. 
   Another distinct observation was made in the survey that among 478 participants when 
asked whether they do support the use of recycled water specifically for laundry; almost 70% 
support the use. However, respondents when asked for their willingness to use recycled water 
for laundry along with other end use options, lesser number of respondents (only 57%) are 
willing to use recycled water for washing machines. The trend is exactly the same in all three 
study sites (Fig. 3). 
Figure 3. 
   This may be because the general public when given many choices differentiate the uses in 
terms of degree of contact and are more reserved to say yes to the uses with high personal 
contact. However, when they are focussed specifically for the use of recycled water for a 
particular purpose like washing machines, they are bit flexible and show less reservation. 
Further analysis is required to check if it works similarly with each individual end-use. 
However, in the study, there exists a strong positive correlation between the willingness of 
the respondents to use recycled water for laundry and the overall support in all three studies (r 
= 0.43, p=0.000).  
   The concerns of community from three study sites when using recycled water for washing 
clothes has been presented in Figure 4. Health has been always observed as one of the main 
concern among the people when use of recycled water is considered. Hence in this survey, to 
be familiar with core concern of people for using recycled water for laundry, excluding the 
option health, respondents were asked if they are concerned about the other effects of 
recycled water on cloth colour, potential damage to cloth, effect on washing machine, 
potential odour and the increased cost. Surveyors experienced that people consider health as a 
main concern and seek for the option for it. However, other concerns were also given due 
consideration by the general community.  
Figure 4.    
   As indicated in Fig. 4, almost all concerns are given due consideration by almost half of the 
total respondents. Basically, 59% of the people expressed their concern about the potential 
odour of the recycled water followed by 54% of people who are concerned for the aesthetic 
appearance of the cloth, 50% of the people are concerned about potential damage to cloth, 
48% of the respondents are concerned about the effects of recycled water on washing 
machines and 41% of the respondents are concerned about the increased cost. From, this 
analysis, it is observed that people support the use of recycled water in washing machine; 
however, they wanted to be guaranteed in terms of such issues. Wilcoxon Signed Ranks Test 
was employed to choose the most influential concern but no significant difference was 
observed (p>0.05). Therefore, along with the health issue, it is of great importance to address 
all other concerns listed above with sufficient experimental investigations. Comparing the 
three study sites, in an average 60% of the respondents from the perspective user group 
showed their concerns on the effect of recycled water whereas only 40% of the respondents 
from non-user group showed their concern for the same revealing that the perspective users 
of recycled water are more concerned rather than the non users. This finding is similar with 
the findings from Higgnis et al., (2002) in which almost 90% of the respondents who are the 
perspective user of recycled water showed higher concern for the quality of recycled water 
whereas only 50% of the respondents who are the non-user of recycled water showed their 
concerns. Among the current user group, only 45% showed their concern on the effect of 
recycled water. This finding is again in line with the statement made by (Dolnicar et al., 
2011) concluding that prior experience with using water from alternative sources, increases 
the stated likelihood of use. A study undertaken in Denmark investigating the use of 
rainwater and greywater for toilet flushing (Albrechtsen 2002) found out that in the instances 
of grey water use for toilet flushing, there were several complaints regarding bad smell, with 
one particular plant shut down because of the complaints. Hence, it is of great importance to 
understand the attributes of the recycled water fit for use. Positive responses to all of the 
above concerns demand the higher quality of recycled water for using in washing machines.  
Hurlimann and Mckay (2006) advocate that recycled water for washing machine needs to be 
of higher quality. Therefore, it is noteworthy that the targeted communities are clarified and 
well explained with supporting experimental evidences regarding these issues prior to the 
implementation of this new end use. Also, commencing this new end use in some of the 
urban suburbs supplied with dual reticulation system can help immensely to motivate the 
other target groups for the same.  
3.3 Correlation between the variables 
   The correlation between the levels of support using recycled water for washing clothes with 
age, genders, frequency of washing, place, willingness to use recycled water, attitude about 
receiving recycled water at home, acknowledgement of recycled water as an important 
alternative source etc are analysed and presented in Table 4. Positive significant relation is 
revealed between the household size and frequency of washing (r= 0.4, p=0.000). However, 
no significant relationship was found between the machine type and the washing frequency 
(p>0.05). In contrast to the results from Melbourne and Sydney, in Port Macquarie weak 
negative significant relationship exists between machine type and washing frequency (r =-
0.16, p<0.05) indicating increased washing frequency with front loading type of washing 
machine.  As a part of analysis, it was revealed that 55% of participants are using powder 
detergents, whereas 25% reckoned to use liquid detergents and 20% are using both. There 
was no significant relationship between the type of washing detergents and washing 
frequency.  
   Many factors have been investigated in regards to their influence on willingness of using 
recycled water. Past studies found that some demographic characteristics such as gender, age 
and education influence attitudes towards recycled water use. However Marks (2004) in his 
review article found that there is little evidence that demographic factors, apart from gender 
can predict acceptance of recycled water use.  In all three studies, no correlation has been 
found between age and level of support for using recycled water in washing machine (Table 
4) which is in line with the findings on potable reuse by Marks (2004). However, the results 
revealed no correlation between gender and level of support which matches with some other 
works (Jeffrey and Jefferson, 2003; Friedler et al., 2006) but contradicts the findings on 
potable reuse by Marks (2004) and Bruvold (1984). Weak negatively correlated significant 
relationship exists between gender and acknowledgement of the importance of recycled water 
and weak negatively correlated significant relationship was found between gender and 
attitude about receiving recycled water at their homes among the non-user group unlike the 
current user group and perspective user group. This revealed that from the non-user group, 
the males were observed to be happier in terms of receiving recycled water at homes than 
females and also males were way ahead than females to agree that recycled water is 
important. These findings are in line with the findings from many researchers (Baumann and 
Kasperson, 1974; Lohman and Milliken, 1985; Tsagarakis et al., 2007; Nancarrow et al., 
2008; Dolnicar and Schafer, 2009).  
   In all studies, significant positive relationship was observed between acknowledgement of 
importance of recycled water and attitude about receiving recycled water at homes. Similarly, 
significant positive relationship was observed between acknowledgement of the importance 
of recycled water and willingness to use recycled water for washing machines and 
acknowledgement of the importance of recycled water and overall support for the use of 
recycled water in washing machines. Mild positive significant relationship was revealed 
between willingness to use recycled water for washing machines and overall support for the 
use of recycled water for washing machines (r= 0.4, p=0.000) among the non-user group and 
the current user group (r=0.4, p=0.000) whereas only weak positive significant relationship 
was observed (r=0.2, p=0.000) among the perspective user group of recycled water (Table 4). 
In addition to this, among the perspective user group, weak positive relationship was 
observed between acknowledgement of the importance of recycled water and willingness to 
use recycled water for washing machines (r=0.2, p=0.006) and acknowledgement of the 
importance of recycled water and overall support for the use of recycled water in washing 
machines (r=0.3, p=0.000). This gives us the general idea that the residents in this area 
acknowledged the importance of recycled water and they are happy to use the recycled water 
for less contact uses; however, they are reserved to use the same for high contact uses like 
washing clothes.  
Table 4. 
3.4 Cost of recycled water and information on recycled water 
   Regarding the cost of recycled water, as presented in Figure 5, the respondents who thought 
the cost of the recycled water to be lower than that of drinking water occupied 45%, 55% and 
47% from non-user, perspective user and current user categories respectively. 19% of the 
respondents from the non user group, 15% from the perspective user group and 31% from the 
current user group are of the opinion that the price would remain same as that of drinking 
water. 
Figure 5. 
   In a question about the information or updates on recycled water provided to the 
community, as expected in the non user community, the higher percentage of respondents 
(81%) revealed to have not enough information on recycled water supply to their homes (χ2 = 
178.24, df = 2, p = 0.000). However, remarkable percentage of respondents (65% and 45%) 
from the perspective and current user group also reckoned to have not enough information 
which was unexpected results. 11% from non user, 22% from perspective user and 45% of 
current user group expressed to be well informed about this (χ2 = 179, df = 2, p = 0.000) 
while 8% from non user, 12% from perspective user and 15% from current user are unsure 
about the information or updates on recycled water provided to the community.  
   Information always plays an important role and influences the community’s acceptance rate 
of recycled water (Roseth, 2008). Therefore, due consideration should be given to this aspect 
prior to the implementation of the new end use of recycled water. Most of the respondents 
(76%) had chosen brochures or the educational leaflets as the best method for them to get 
information on recycled water followed by articles or advertisements in newspapers (58%) 
and website or e-mail (35%). Personal visit by the concerned authorities were not much 
favoured by the general public. Hardly 20% chose this option and generally the people from 
the age group 50 to 60+ were supporting this option. This may be attributed to the reason that 
the preoccupation about health aspects among others increases with increasing age.  
3.5 Feedbacks from the current user of recycled water 
   In Newington Sydney, the respondents were asked if they are using recycled water for six 
end uses listed as flushing toilets, watering gardens, washing cars, washing cloths, filling a 
swimming pool and showering. Results from Figure 6 clearly shows that the percentage of 
respondents using recycled water for flushing toilets (94%), watering gardens (91%) and 
washing cars (86%) are very high. This findings is in line to the statements made by many 
researcher (Hurlimann 2008; Roseth 2008; Pham et al., 2011; Mainali et al., 2011) that the 
uses of recycled water in the existing dual reticulation system is confined within toilet 
flushing, garden irrigation and car washing. About 5% of the respondents are unsure if they 
are using recycled water for flushing toilets and irrigating gardens though they are aware that 
they have dual pipe system at home. Almost 3% revealed that they are not using recycled 
water for garden watering as they are living in an apartment. 86% of the respondents are 
using recycled water for washing their cars whereas 9% of the respondents are not using 
recycled water for washing their cars. Few of them reckoned to wash their cars at car washing 
parlours and few of them revealed that they used the recycled water to wash their cars in the 
beginning but found out the patches/spots on the car body surface. Hence, they stopped 
washing cars with recycled water.   
Figure 6. 
65% of the respondents claimed they are not using recycled water for washing machines 
whereas 24% of the respondents claimed they are unsure about the connection of recycled 
water line to their washing machines and are not really sure about it. 16% of the respondents 
claimed they are already using recycled water in washing machines without any major 
problems. Among those who claimed to be using recycled water already when asked if they 
are concerned on the effects of recycled water on cloth colour, potential damage to cloth, 
potential odour and effect on washing machine, 100% answered with no concern to all as 
their reply. Instead few complain about the consumption of more detergent which they 
believe is because of the result of strong hardness of the water. Otherwise they all seem to be 
very happy about using recycled water in washing machine. 
   In a question about the level of satisfaction, 80% of the respondents revealed that they are 
satisfied among which 20% reckoned to be very satisfied with the recycled water to present 
(χ2 = 69, df = 4, p = 0.000). The % of respondents not satisfied with the recycled water is only 
4%. When the respondents were asked if they have any specific complains or concerns 
regarding the quality of recycled water, 70% of the respondents reckoned to have no specific 
complain. However, few respondents (7%) revealed colour of the recycled water as their 
specific concern and few (10%) revealed odour, saltiness, and clearness of recycled water as 
their major specific concerns. Few of the respondents who are already using recycled water 
for washing machines, claimed that due to the higher salinity problem excess amount of 
detergent is required to wash clothes in washing machines as mentioned above. Very few are 
disappointed because of the suspended soil like particles seen in the toilet pan after flushing 
while few did complain about the spots appeared in the cars after washing with recycled 
water. Health issues were picked up as their major concern by only 6% of the respondents 
and many believe that the recycled water so supplied by the concerned authorities is safe 
enough without any health effects. Only 1 % revealed cost as the major concern. Almost 75% 
of the respondents are quite happy and very happy to receive recycled water in their homes 
whereas 20% of the respondents are unsure about it and 4% and 1% are not happy and very 
unhappy respectively.  
   In an overall analysis, it is observed that the community in Newington in Sydney are very 
happy to make use of recycled water fit for purpose end uses. They actually feel very proud 
for being able to conserve huge amount of drinking water replacing with recycled water and 
contributing on sustainable urban water management. The community believe that the dual 
reticulation system should be the model for all future developments and should also be retro 
fitted to the existing developments. 
 
4. Conclusions 
   The results of this study provide crucial information on community’s perception to recycled 
water use for household laundry. Generally, the survey shows a considerable support for the 
notion of using recycled water for the new end use. 
 Among the listed end uses of recycled water, as expected, lesser support was observed 
for the uses with higher physical contacts.  
 In addition to the health issues, community’s basic concerns regarding the new end 
use are the impact of recycled water on the colour of clothes, potential damage to 
cloth, potential damage to the washing machine and potential odour. 
 Among the three categories of user groups of recycled water, the perspective user are 
more concerned and have more reservations for the use of recycled water in washing 
machines. 
 The current users of the recycled water in Newington are very happy with the supply 
of recycled water and are willing to accept the new end use to the system. 
 The non-users group show less concerns and are more willing to use recycled water 
for laundry. 
   The information presented in this paper can be beneficial for recycled water retailers and 
decision makers, who aim to introduce water recycling schemes via dual pipe system in the 
urban communities to ensure sustainable urban water. The introduction of washing machine 
as a new end use of recycled water in urban Australian suburbs is acceptable by the 
communities involved. 
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Table 1: Percentage of respondents opposing the specific uses of recycled water- Various international studies. 
                                 Various uses 



















Pham et al. (2011 ); n = 223 
Australia (Sydney) - - 94 81 40 27 22 4 
Alhumoud & Madzikanda (2010); 
n= 2200 
Kuwait 
78 78 60 - 53 17 - - 
Roseth( 2008); n = 3050 
Australia (Five major cities) 82 77 64 51 45 14 14 10 
Hurlimann (2007); n = 305 
Australia (Bendigo) 58 - 38 - 28 - 1 1 
Hurlimann (2006); n= 197 
Australia (Melbourne) 56 - 41 - 35 - 1 1 
Friedler et al. (2006); n= 256 
Israel 89 - - 69 62 20 22 15 
Marks et al. (2006); n = 2504 
Australia 68^ 46^ 24^ - 27 8 4 3 
ARCWIS (2002)**; n = 685 
Australia  74 - 52 - 30 - 4 4 
Hills et al. (2002); n = 1055 
UK - - - - - - - 1 
Sydney Water (1999); n= 900 
Australia 69 62 43 - 22 - 3 4 
Madany et al. (1992); n= 500 
Baharain 92 89 80 63 - - - - 
Ahmad (1991); n = 100 or 50 
Qatar (Doha) - - - - - 50 50 60 
Lohman & Milliken (1985); n= 403 
USA 67 55 38 - 30 - 3 4 
Milliken & Lohman (1983); n= 399 63 55 40 - 24 - 1 3 
USA 
Bruvold et al. (1981); n = 140 
USA 58 - - - - - 5 - 
Olsen et al. (1979)*; n = 244 
USA 54 52 37 25 19 - 6 7 
Sims & Baumann (1974); n =400 
USA 44 42 - 15 15 - - - 
Stone & Kahle (1974)** ; n = 1000 
USA         
Stone & Company (1974)^^; n =549 
USA 32 28 17 - 16 - 11 - 
Bruvold (1972); n = 972 
USA 56 55 37 24 23 - 3 23 
Bruvold & Ward (1970); n = 50 
USA 54 54 32 28 24 - 10 12 
*Cited in Bruvold (1988) **Cited in Po et al. (2003) ^^Cited in Hurlimann (2008) 
^Question phrased ‘water mixed with recycled water and treated to drinking water quality 
 Table 2: General details of all three study areas. 





Sample Size N 478 175 152 151 
Gender (%) Males 45 47 37 52 Females 55 53 63 48 
Age (%) 
18-29 4 3 5 5 
30-39 32 32 36 29 
40-49 32 24 33 39 
50-59 15 21 13 11 
60+ 13 20 11 9 
Household size (%) 
1-3 53 70 41 47 
4-6 44 29 55 52 
7-9 3 1 4 1 
>10 0 0 0 0 
Washing Machine 
type (%) 
Top loading 65 72 65 58 
Front loading 30 28 35 42 
Wash 
Frequency/week (%) 
1-2 times 35 36 37 31 
3-4 times 38 41 29 45 
5-6 times 12 10 14 11 
>7 times 15 13 19 14 
Wash detergents 
type (%) 
Powder 55 54 60 51 




20 12 22 27 
Acknowledgement 
of importance of 
recycled water (%) 
Strongly 
Agree 
30 29 32 30 
Agree 61 57 62 64 
Disagree 7 10 4 5 
Strongly 
disagree 




Very happy 35 23 32 31 
Quite happy 40 47 47 51 
Unsure/don’t 
know 
12 23 16 16 
Not happy 12 5 3 3 





Table 3: Wilcoxon Signed Ranks Test for ranking the most preferred condition by the 
community which would make them more confident to use recycled water in washing 
machine 
 KNW REA HAV WAT DUAL NOT 
 
KNW  Z= -5.108 Z= -4.306 Z= -4.180 Z= -4.412 Z= -5.126 
      
REA      Z= -7.729 
   
HAV     Z= -1.97 Z= -8.214 
      
WAT      Z= -7.509 
 
      
DUAL      Z= -8.062 
      
Bold number:Level of significance P=0.000 
Italic number: Level of significance at p<0.05 
KNW- Knowing that recycled water saves valuable drinking water 
REA- Reading about recycled water being used in washing machines by other customers 
HAV- Having a small unit of pre-treatment of water to assure the quality and safety of water 
WAT- Watching a scientist or expert recommends the use of recycled water in washing machines 
DUAL- Knowing that recycled water will be supplied to your home together with drinking water using separate 
pipe lines 
NOT- I could not be assured 
Table 4: Correlation between variables 













  P   
Gender 
--- r =-0.2 p= 0.009 
r=-0.2 
p= 0.02 --- --- 
  M   --- --- --- --- --- 
  S   r = 0.25 p= 0.002 --- --- 
r = 0.2 
p = 0.05 --- 
  P   
Age 
 r = -0.2 p = 0.02 
r = -0.18 
p= 0.02 --- --- 
  M   r = -0.19 p = 0.02  
r = -0.16 
p= 0.05 --- --- 
  S    r = 0.2 p = 0.03  --- --- 





--- -- r =0.65 p= 0.000 
r = 0.2 
p = 0.006 
r = 0.43 
p=0.00 
  M   --- -- r =0.52 p= 0.000 --- --- 
  S   --- -- r =0.33 p= 0.000 --- 
r = 0.3 
p=0.000 





-- -- -- r = 0.32 p = 0.000 
r = 0.6 
p=0.000 
  M   -- -- -- r = 0.12 p = 0.03 
r = 0.17 
p=0.04 
  S   -- -- -- r = 0.13 p = 0.000 
r = 0.35 
p=0.000 
  P   
Willingness to use 
recycled water 
- - -- -- -- r=0.43 p=0.000 
  M   - - -- -- -- r=0.41 p=0.000 
  S   - - -- -- -- r = 0.24 p=0.003 
Note:Presented values- significant al P<0.05 or better. 
P- Port Macquarie 
M- Melbourne 
S- Sydney 
---= no significant relationship 
--= already in matrix 
 Figure 1. Willingness to use recycled water for various enduses for three categories of users 
of recycled water 
 
 
 Figure 2. Comparitive analysis of willingness to use recycled water for washing machine 










 Figure 3. Percentage difference among the three user groups in terms of their willingness to 























 Figure 5. Percentage of respondents in regards to their opinion about the cost of recycled 













 Figure 6. Current use of recycled water for various enduses in Newington 
 
 
 
 
 
 
 
 
 
 
